Giant metamyelocytes are probably always the result of vitamin B12 or folic acid deficiency. A distinction is drawn between the deficiency of, and therapeutic need for, vitamin B12 and folic acid.
characteristic nuclear change, and transitional megaloblastic if any cell showed a transformation towards a megaloblast but none had reached this degree of abnormality. (4) Cells of the metamyelocyte or stab stage larger than 18t were counted as giant metamyelocytes.
They were searched for under a high-power objective in squash preparations of marrow particles giving highly cellular fields. Their frequency in the smears was recorded as follows:-O=none in whole smear + I to 5 in whole smear + + =several in whole smear, but less than one per four fields + + + I or more per four fields the severity of the anaemia whereas in group I there was a relationship, although it was not close. Separating the cases according to size of the HowellJolly bodies gave no useful information.
There was no significant difference in the percentage of Howell-Jolly bodies between those conditions in group I that responded to B12 and those that responded to folic acid (six anticonvulsant macrocytic anaemias, three malabsorption syndrome, two leukaemias).
Among the eight normal marrows, Howell-Jolly bodies were found in three, though each had less than 1 %. In none were multiple bodies present. RESULTS The findings in group I (excluding cases under treatment) and group II are presented in Table I . 
APPLICATION OF RESULTS TO DIFFICULT MARROWS
Supportive evidence of vitamin B12 or folic acid deficiency in the marrow smear is only needed in cases where the megaloblastic transformation is absent or incomplete. The value of this evidence can only be judged if it is of assistance in such instances, and the cases without frankly megaloblastic marrows in group I were therefore considered separately (Table II) . In the 23 cases 1 % or more Howell-Jolly bodies were present in 21, multiple Howell-Jolly bodies in 16, giant metamyelocytes (+ + or more) in 14, and the percentage of erythroid precursors increased in eight. One or more of these changes were, however, present in every case.
The problem of the investigation of an anaemia after vitamin B12 or folic acid has been given to the patient is not infrequent. Return of megaloblastic to normoblastic erythropoiesis is rapid and corroborative evidence of previous vitamin B12 or folic acid deficiency persisting after the erythroblastic reversion would be valuable. To determine how long the abnormalities considered here remain after treatment a series of marrows taken at varying times after the start of vitamin B12 or folic acid therapy was examined (Table HI) . The persistence of supportive evidence might depend on the degree of initial change and the pre-treatment findings in the eight cases in which they were available are also shown. There is an insufficient number of cases from which to draw definite conclusions. Cases 10 and 11 may have received suboptimal therapy and the results may thus be misleading. In the others, after erythropoiesis was no longer frankly megaloblastic, HowellJolly bodies and the percentage of erythroid precursors were still abnormal in two, and giant metamyelocytes in three (with an occasional one in three more). 14-6 14-0 12-6 12-5 120 12-0 11-3 11-2 11-2 11-0 11-0 10-6 10-0 9-6 9.5 9. Hutchison and Ferguson-Smith (1959) in a study of the significance of the presence of nuclear fragments in the erythroid precursors considered it probable that disordered nucleic acid synthesis resulting from vitamin B12 or folic acid deficiency was the fundamental factor in their production. They did, however, record four cases in which infrequent solitary inclusions were found but in which there was no evidence of vitamin deficiency, and they thought that the bodies were possibly artefacts. They also found similar inclusions in one case of iron-deficiency anaemia.
It might be argued that the inclusions found in our cases without vitamin deficiency were not in fact Howell-Jolly bodies, but this we think unlikely. Inclusions were only counted if they were of the same degree of staining as the nucleus of the parent cell. Often in grossly megaloblastic marrows the bodies show the same reticulation as the cell nucleus. Pappenheimer bodies for which they might be mistaken are usually of a lighter hue than the nucleus and occur often in greater numbers in one cell than Howell-Jolly bodies (other than in grossly megaloblastic cells). Howell-Jolly bodies are not refractile, a feature which distinguishes them from some artefacts. In megaloblastic cells in which there were many bodies of all sizes, the small ones were identical to the inclusions found in scanty numbers in nonvitamin deficiency cases.
Since Whitby and Britton (1957) quote Henning (1935) (1952) reported that they were present in 20% of the marrows of their patients with hypochromic anaemia. Davidson (1954) in a survey of 500 marrows found them associated with iron-deficiency anaemia, leukaemia, and other diseases (not stated) as well as pernicious anaemia, and Lehmann (1955) quotes Davidson as finding giant metamyelocytes in 63 of 164 iron-deficiency anaemias. Tasker (1959) found some abnormal myeloid cells in many normoblastic iron-deficiency anaemia marrows which responded to iron therapy. Maclver and Back (1960) , on the other hand, stated that they had never seen abnormal myeloid cells in iron-deficiency anaemia.
Because of these differing reports which suggest that giant metamyelocytes might not be confined to vitamin B12 or folic acid deficiency, we made a quantitative assessment of their presence in the marrow smears. This showed a definite relationship between the presence of many giant metamyelocytes and the deficiency of one of the vitamins. The three iron-deficiency anaemias containing many giant metamyelocytes would seem to refute this relationship, but this is not necessarily so since the work of Cox et al. (1960) and Cox, Meynell, Gaddie, and Cooke (1959) provides evidence of tissue deficiency if vitamin B12 in apparently straightforward irondeficiency anaemia. Their cases responded satisfactorily to iron therapy alone, as ours did.
It appears therefore that the findings of frequent giant mctamyelocytes is, in most cases, an indication for vitamin B12 or folic acid therapy. Foy et al. (1950) and Maclver and Back (1960) have reported the response to folic acid of normoblastic anaemias with giant metamyelocytes though the frequency of such cells was not recorded. We have met several normoblastic anaemias in pregnancy with numerous giant metamyelocytes which responded to folic acid. The value of finding numerous giant metamyelocytes in difficult smears appears to be less than that of Howell-Jolly bodies since only 14 of the 23 cases listed in Table II had such numbers but this is still a sufficiently common finding to make their assessment of value. But their absence does not exclude the possibility that the anaemia will respond to vitamin B12 or folic acid (Cases 8 and 23, Table II ).
In cases already on vitamin therapy the number of giant metamyelocytes like Howell-Jolly bodies rapidly declines, although marrows eight days after the start of treatment may still contain many and an occasional one may be found two weeks later (Table  III) . These times are somewhat longer than the survival of giant metamyelocytes recorded by Leitner (1949) . Davidson (1952) commented that in iron-deficiency anaemia the giant metamyelocytes had nuclei almost, if not quite, as complicated as those associated with pernicious anaemia. Our impression was that regardless of the aetiology of the anaemia the more bizarre forms were found in those marrows with numerous giant metamyelocytes but in a few instances even the occasional one had an abnormal nucleus and is probably evidence of tissue depletion of vitamin B12 or folic acid. It is significant that of the 25 cases recorded here with occasional giant metamyelocytes, 15 responded to B12 or fofic acid (two of these were normoblastic anaemias) and the other 10 were of iron-deficiency anaemia (see below) or had active myeloid marrows. It may be that in cases with increased myeloid activity this cell series, rather than the erythroid mass, would show the first overt signs of deficiency of B12 or folic acid. Spray and Witts (1953) have shown that patients with leukaemia appear to require abnormally large amounts of folic acid, though this is not a constant finding. Swendseid, Swanson, Meyers, and Bethell (1952) suggested that the folic acid depletion in leukaemia results from the production of large numbers of immature white cells of high folic acid content.
PERCENTAGE OF ERYTHROID PRECURSORS An arrest in maturation of the erythroid precursors was only prominent in frankly megaloblastic anaemias in group I, and as an aid to the diagnosis of difficult cases it is of little value. This is in accord with the experience of others (de Gruchy, 1958) .
IRON-DEFICIENCY ANAEMIA The literature on giant metamyelocytes in iron-deficiency anaemia has been reviewed above. Our results support the findings of those authors who have recorded them to be a common occurrence in iron-deficiency anaemia. An increase in Howell-Jolly bodies is also not uncommon and is probably of similar significance, although it is not clear why the two abnormalities were not always present together. Of interest in this connexion is an analysis of the cases of vitamin B12 or folic acid deficiency in Table II , in which it is seen that the highest percentage was not necessarily associated with the most numerous giant metamyelocytes.
The finding of Cox et al. (1959 Cox et al. ( , 1960 of low serum and marrow B12 levels in iron-deficiency anaemia has already been cited. There have also been reports of folic acid depletion in this disease (Spray and Witts, 1953; Chanarin, Mollin, and Anderson, 1958) . We believe that the abnormal findings in our cases are the morphological results of one or more of these deficiencies. It is not our purpose to consider the possible ways in which iron deficiency may produce deficiency of B12 or folic acid but merely to record the frequency with which evidence of these deficiencies may be found.
The presence of such evidence in the marrow of a patient with iron-deficiency anaemia does not, however, mean that response to iron will be suboptimal or that the patient's anaemia will improve on vitamin B12 or folic acid. This has been our experience in anaemia of pregnancy. Cox et al. (1959) have shown that the low serum B12 level returns slowly to normal with iron therapy, further evidence of the relationship between the iron and vitamin deficiency. However, in certain circumstances, e.g., anaemias associated with gastrectomy, the malabsorption syndrome, or pregnancy, giant metamyelocytes or excess Howell-Jolly bodies may be indications of a vitamin depletion concomitant with, but not resulting from, the iron deficiency, which will persist despite iron therapy. A case we have encountered since completing this series supports this contention. A patient with hypochromic normoblastic anaemia following partial gastrectomy with a serum B12 level of less than 50 ju,ug per ml. responded partly to parenteral iron but after 17 days the marrow had become frankly megaloblastic. The original marrow contained numerous giant metamyelocytes but no excess Howell-Jolly bodies. This change in erythropoiesis following iron therapy has been mentioned previously by Giles and Shuttleworth (1958) and Tasker (1959) . Therefore, although giant metamyelocytes and, usually, an excess of Howell-Jolly bodies, are evidence of B12 or folic acid deficiency, only by knowing the indications for which marrow aspiration was performed can their clinical significance be assessed. For example, if the patient has amild normochromic anaemiawith indeterminate erythropoiesis the finding of either abnormality is a valuable guide to the diagnosis of pernicious anaemia or related disease. On the other hand, such findings in an iron-deficiency anaemia, or in a marrow with myeloid hyperplasia, although basically due to vitamin B12 or folic acid depletion, indicate that haematological response to the appropriate therapy should be observed closely in case the vitamin deficiency should be unrelated to the primary disorder or irreversible without specific therapy.
SPLENECTOMY Our finding of Howell-Jolly bodies in the erythroid precursors in all our splenectomized cases is at variance with the report of Hutchison and Ferguson-Smith (1959) . But we believe our results to be logical. If Howell-Jolly bodies were absent from the marrow in splenectomized patients one would have to postulate that the inclusions seen in the erythrocytes are the remains of the nucleus and that these cells are indeed nucleated red cells. But the regular eccentricity of Howell-Jolly bodies in the red blood cells and their much smaller size than the nuclei of the late normoblasts in the marrow, without intervening sizes being evident, does not support this idea. 
